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A b s t r a c t  

NASA Lewis Research Center  has des igned and 
c o n s t r u c t e d  a new s t a t e - o f - t h e - a r t  t e s t  f a c i l i  t y .  
Th i s  f a c i l i t y ,  c a l l e d  t h e  Smal l  Engine Components 
Tes t  F a c i l i t y  (SECTF) ,  i s  used t o  t e s t  gas t u r b i n e s  
and compressors a t  c o n d i t i o n s  s i m i l a r  to  a c t u a l  
eng ine  c o n d i t i o n s .  The SECTF i s  comprised of two 
separa te  f a c i l i t i e s  - a t u r b i n e  t e s t i n g  c e l l  and a 
compressor t e s t i n g  c e l l .  Th i s  paper w i l l  desc r ibe  
t h e  t u r b i n e  t e s t i n g  c e l l  o n l y .  

The capab i  1 i t i e s  o f  t h e  f a c i  1 1  t y  make i t 
un ique - no  o t h e r  f a c i l i t y  of  i t s  k l n d  i s  capable 
o f  combin ing  i t s  p ressu re ,  speed, and tempera ture  
ranges .  Tu rb ine  i n l e t  a i r  ranges up  t o  9 a tm 
(125 p r i g ) .  
from 0.15 a tm (2  p s i a )  t o  a tmospher ic  p r e s s u r e .  
Tu rb ine  i n l e t  a i r  tempera tures  range from amblent 
t o  700 K (1260 O R ) .  The c o n t r o l l a b l e  speed o f  the  
t u r b i n e  rotor ranges from 4000 t o  60 000 rpm and 
t h e  maximum power absorbed by t h e  f a c l l t t y  dynamom- 
e t e r  i s  1250 hp. The d a t a  a c q u i s i t i o n  system scans 
up t o  2000 channe ls l sec .  

T h i s  paper  w i l l  d i scuss  i n  d e t a l l  t h e  capab i l -  
i t i e s  of t h e  f a c i l i t y ,  o v e r a l l  f a c i l i t y  des ign ,  
i n s t r u m e n t a t i o n  used i n  t h e  f a c i l i t y ,  and t h e  da ta  
a c q u i s i t i o n  system. A c t u a l  r e s e a r c h  d a t a  i s  no t  
d i scussed .  

The t u r b i n e  exhaust  p r e s s u r e  ranges 

I n  t roduc  t i on  

Smal l  gas t u r b i n e  eng ines  p roduc ing  up t o  
1200 kW (1600 hp)  have become i n c r e a s i n g l y  popu la r  
i n  b o t h  t h e  p u b l i c  and p r i v a t e  sec to rs .  Typ ica l  
a p p l i c a t i o n s  of these eng ines  i n c l u d e  m i l i t a r y  
v e h i c l e s ,  power g e n e r a t o r s ,  and a v i a t i o n .  However, 
a smal l  gas t u r b i n e  eng ine  i s  I n h e r e n t l y  l e s s  e f f i -  
c i e n t  t han  i t s  l a r g e r  c o u n t e r p a r t .  To s tudy  t h i s  
reduced e f f i c i e n c y  and t h e  reasons beh ind  i t ,  NASA 
Lewis Research Center  has des igned and cons t ruc ted  
a new t e s t  f a c i l i t y  c o n s i s t i n g  of  a compressor 
t e s t i n g  c e l l  and a t u r b i n e  t e s t i n g  c e l l .  

The Smal l  Engine Components Tes t  F a c i l i t y  
(SECTF)  i s  used to  t e s t  t h e  compressors and t u r -  
b i n e s  f o r  gas t u r b i n e  eng ines  a t  c o n d l t i o n s  s lmi -  
l a r  t o  those  found i n  normal use. The c o n d i t i o n s  
a r e  s c a l e d  such t h a t  t h e  research  p ressu res  and 
tempera tu res  a r e  reduced, w h i l e  t h e  Mach number i s  
t h e  same as would be found  i n  an a c t u a l  eng lne .  
The c a p a b i l i t i e s  o f  t h e  f a c i l i t y  make i t  un ique - 
no o t h e r  f a c i l i t y  o f  i t s  k i n d  i s  capab le  o f  combln- 
i n g  i t s  p r e s s u r e ,  speed, and tempera ture  ranges. 
Another  p o i n t  o f  i n t e r e s t  i s  t h a t  e i t h e r  f a c i l i t y  
can be o p e r a t e d  w i t h  o n l y  two peop le  - one t o  oper-  
a t e  t h e  f a c i l i t y  and ano the r  t o  opera te  the  da ta  
a c q u i s i t i o n  system. Th is  paper w i l l  d e s c r i b e  o n l y  
the  t u r b i n e  f a c i l i t y .  

The t u r b i n e  f a c i l i t y  c o n t r o l  room i s  shown i n  
F i g .  1 .  The f a c i l i t y  o p e r a t o r ' s  i n s t r u m e n t a t i o n  
and c o n t r o l s  a r e  shown i n  F i g .  2 ;  t h e  d a t a  a c q u i s l -  
t i o n  sys tem o p e r a t o r ' s  i n s t r u m e n t a t i o n  I s  shown i n  

F i g .  3 .  A photograph of t h e  f a c i l i t y  t e s t  r i g  i s  
shown i n  F i g .  4.  

Fac i  1 1  t y  A i r  Flow 

A schematic of t h e  a l r  system of t h e  t u r b i n e  
f a c i l i t y  i s  shown i n  F i g .  5.  The f a c i l i t y  uses 
a i r  from a NASA Lewis 9 a tm (125 p s i g )  cornbust ion 
a i r  system. Combust ion a \ r  a t  14 a tm (200 p s l g )  
I s  a l s o  a v a i l a b l e .  The a i r  e n t e r s  t h e  f a c i l i t y  
t h rough  a 15.24 cm (6 i n . )  p i p e .  A f t e r  p a s s i n g  
th rough  the  i n l e t  i s o l a t l o n  v a l v e ,  t h e  flow e n t e r s  
a 7 .6  m ( 2 5  f t )  long,  15.24 cm ( 6  i n . )  d iamete r  
e l e c t r l c a l  r e s i s t a n c e  h e a t e r ,  r a t e d  a t  250 kW 
(14  000 B t u l m i n )  o f  o u t p u t  h e a t .  The tempera ture  
range o f  t h e  h e a t e r  i s  f r o m  ambien t  t o  375  K 
(675 O R ) ,  and the  h e a t e r  system c o n t r o l l a b i l i t y  i s  
21 K ( 1 . 8  O R )  a t  t he  h e a t e r  exhaus t .  

A i r  f low t r a v e l s  t o  t h e  t e s t  c e l l  t h rough  an 
i n s u l a t e d  p i p e .  A f t e r  pass ing  th rough  t h e  i n l e t  
p r e s s u r e  c o n t r o l  v a l v e ,  t h e  combust ion  a l r  e n t e r s  
a v i t i a t i n g  n a t u r a l  gas combustor .  The tempera- 
t u r e  range a t  t h e  combustor e x i t  i s  from 422 to  
700 K (760 t o  1260 O R ) ,  w l t h  an o v e r a l l  c o n t r o l l a -  
b i l i t y  o f  21 K ( 1 . 8  O R ) .  The combust ion  a i r  then 
e n t e r s  the  r e s e a r c h  t u r b i n e .  

A f t e r  p a s s i n g  th rough  t h e  research  t u r b i n e ,  
t h e  a i r  passes th rough  t h e  exhaust  p ressu re  con- 
t r o l  v a l v e  and i n t o  e i t h e r  t h e  l a b o r a t o r y  a l t i t u d e  
exhaust  system or t he  a tmospher ic  exhaust  system. 
For t u r b i n e  exhaust  p ressu res  f r o m  0 .15  t o  1 atm 
(2 .2  t o  14.7  p s i a ) ,  t h e  a l t i t u d e  exhaust  system i s  
used; for  t u r b i n e  exhaust  p ressu res  o f  1 atm 
(14 .7  p s i a )  or h i g h e r ,  t he  a tmospher ic  exhaust  sys 
tern i s  used. A water  spray  r i n g ,  l o c a t e d  down- 
s t ream of t h e  exhaust  p ressu re  c o n t r o l  v a l v e ,  
c o n t r o l s  t h e  tempera ture  o f  t h e  exhaust  a i r  b e f o r e  
i t  e n t e r s  e i t h e r  exhaust  system. 

The i n l e t  p r e s s u r e  i s  c o n t r o l l e d  by a modu- 
l a t i n g  g lobe  v a l v e ,  and t h e  exhaust  p ressu re  i s  
c o n t r o l l e d  by a b u t t e r f l y  v a l v e .  The v a l v e  con- 
t r o l l e r s  a l l o w  each v a l v e  t o  be opera ted  e i t h e r  by 
s e t t i n g  t h e  v a l v e  pos l  t i o n  (manual o p e r a t i o n )  or 
b y  s e t t i n g  t h e  p r e s s u r e  a s s o c i a t e d  w i th  t h e  v a l v e  
(au tomat i c  o p e r a t i o n ) .  The p o s l t l o n  or p r e s s u r e  
a s s o c i a t e d  w i t h  each v a l v e  a r e  I n p u t  t o  t h e i r  
r e s p e c t i v e  c o n t r o l l e r s ,  wh ich  a l l o w s  t h e  c o n t r o l -  
l e r s  t o  c o n s t a n t l y  a d j u s t  each v a l v e  p o s l t i o n  as 
c o n d i t i o n s  change. A 150 a tm (2200 p s i g )  hydrau- 
l i c  system d r i v e s  the  v a l v e s  t o  t h e  c o r r e c t  
pos i t i on. 

R o t a t i n g  EauiDment 

The r o t a t i n g  equipment I n  t h e  f a c i l i t y  con- 
s i s t s  o f  t h e  t u r b i n e  rotor, an i n - l i n e  to rquemeter ,  
a speed-reducing gearbox, and an eddy -cu r ren t  dyna- 
mometer. The to rquemeter  s h a f t  i s  connected  t o  t h e  
gearbox ,  wh ich  has a gear  r a t i o  o f  2 .735 : l .  The 
gearbox t r a n s f e r s  the  genera ted  power t o  t h e  
dynamometer. 
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The to rquemeter  has t h r e e  i n te rchangeab le  
s h a f t s  wh ich  enab le  i t  t o  meet t h e  speed and to rque  
ranges needed f o r  a g i v e n  t e s t .  S e l e c t i n g  the  
a p p r o p r i a t e  s h a f t  p rov ides  improved accuracy  o v e r  
t h e  e n t i r e  to rque  range.  Toraue ranges for  the  
i n d i v i d u a l  s h a f t s  a r e  nomina l l y  0 t o  108 N-m (0 t o  
80 f t - l b ) ,  0 t o  305 N-m (0 to 226 f t - l b ) ,  and 0 to 
576 N-m (0 t o  427 f t - l b ) .  
s h a f t s  a l l o w  the  torquemeter t o  m a i n t a i n  a measured 
to rque  accuracy  o f  0.1 pe rcen t  o f  the  f u l l - s c a l e  
to rque  o f  t h a t  p a r t i c u l a r  s h a f t .  The to rquemeter  
t ransducer  i s  shown i n  F ig .  6 .  

I n  a d d i t i o n  t o  measuring the  to rque ,  t h e  
to rquemeter  a l s o  measures speed. I f  d e s i r e d ,  t h e  
to rquemeter  can be con f igu red  to d i s p l a y  speed and 
power.  The to rquemeter  m u l t i p l i e s  t h e  measured 
speed and to rque  t o  o b t a i n  t h e  power.  Speed I s  
measured u s i n g  a magnet ic  speed p i c k u p .  Torque i s  

The In te rchangeab le  

f o  

I n  
s t  
na 
i s  
un 

nd by  s o l v i n g  t h e  f o l l o w i n g  e q u a t i o n :  

T = C x  (8 - z e r o  o f f s e t )  

t h i s  equa t ion ,  T i s  the t o r q u e ,  C i s  t h e  s h a f t  
f f n r s s .  8 i s  t h e  phase d i f f e r e n c e  o f  speed s i g -  
s a t  o p p o s i t e  ends o f  the  sha f t ,  and z e r o  o f f s e t  
t he  r e a d i n g  on t h e  torquemeter when the  s h a f t  i s  
3aded. 

The dynamometer c o n t r o l s  t h e  speed and 
absorbs  t h e  power generated by  t h e  research  t u r -  
b i n e .  D i g i t a l  c o n t r o l  i s  used i n  t h e  dynamometer, 
and i t s  c o n t r o l l a b l e  speed range i s  from 1500 t o  
25 000 rpm, c o n t r o l l a b l e  t o  510 rpm. The power 
absorbed by the  dynamometer may range up t o  935 kW 
(1250 h p ) .  The gearbox a l l ows  t h e  t u r b i n e  r o t o r  
speed to  range from 4000 t o  60 000 rpm. The dyna- 
mometer a l s o  has t h e  c a p a b i l i t y  t o  c o n t r o l  t he  
a c c e l e r a t i o n  or d e c e l e r a t i o n  of  t h e  r o t o r .  The 
to rquemete r ,  gearbox, and dynamometer a re  shown i n  
F i g .  7 .  

The l u b r i c a t i o n  systems f o r  t he  r o t a t i n g  
mach inery  a r e  mon i to red  f o r  f l o w ,  tempera ture ,  and 
p r e s s u r e .  W i th  t h e  excep t ion  o f  t he  research  t u r -  
b i n e  and to rquemete r ,  each module has i t s  own sepa- 
r a t e  l u b r i c a t i o n  system. The t u r b i n e  and to rque-  
meter share a common pump and r e s e r v o i r .  Each 
system a l s o  has a backup pump i n  case the  p r i m a r y  
pump f a i l s .  
1 1  i a r y  a i r  system, and are a u t o m a t i c a l l y  engaged 
by  a low p ressu re  s w i t c h .  

A t h r u s t  ba lance system i s  used t o  m a i n t a i n  
t h e  r o t o r  b e a r i n g  p re load  by p r e s s u r i z i n g  a ba lance 
p i s t o n  mounted on the  r o t o r  s h a f t .  An a u x i l i a r y  
a i r  system i s  used to p r e s s u r i z e  the  ba lance p i s -  
t o n .  Th is  system uses the ba lance p i s t o n  supp ly  
p ressu re  and the  pressure  drop  ac ross  the  r o t o r  as 
i n p u t s .  The o u t p u t  of the system i s  t h e  p o s i t i o n  
o f  the  t h r u s t  ba lance p i s t o n .  

Data  System 

Re jea rch  d a t a  a c q u i s i t i o n  i s accompl i  shed by 
u s i n g  a d i s t r i b u t e d  d a t a  a c q u i s i t i o n  system, wh ich  
a l l o w s  the  f a c i l i t y  computer hardware t o  scan up t o  
2000 channe ls / sec .  E x i s t i n g  computer hardware i n  
t h e  f a c i l i t y  a l l o w s  up t o  512 ana log  channels and 
a p p r o x i m a t e l y  I500 o t h e r  channels t o  be scanned. 
Among t h e  ana log  channels a r e  thermocoup les ,  ac tu -  
a t o r  p o s i t i o n s ,  torquemeter da ta ,  t i p  c lea rance  
measurements, p ressu re  t ransducers ,  and f requency-  
to-dc c o n v e r t e r s .  

The backup pumps a r e  d r i v e n  by  an aux- 

Among the  o t h e r  i n p u t  channe ls  

i n p u t  t o  t h e  f a c i l i t y  computer a r e  p ressu res  read  
from an e l e c t r o n i c a l l y  scanned p ressu re  system. 

Temperatures a r e  measured u s i n g  thermocoup les .  
The c o l d  j u n c t i o n  compensat ion i s  made u s i n g  t h e r -  
mocouple r e f e r e n c e  b l o c k s ,  each b l o c k  h o l d l n g  up to 
48 thermocoup le  j u n c t i o n s .  Tempera tu re -sens i t i ve  
p l a t i n u m  r e s i s t o r s  embedded i n  t h e  re fe rence  b l o c k s  
d r e  used to c o r r e c t  for t h e  t r a n s i t i o n  from thermo- 
coup le  a l l o y  t o  copper .  C u r r e n t l y  s i x  b l o c k s  a r e  
I n s t a l l e d ,  a l l o w i n g  288 tempera tures  to  be 
measured. 

Probe a c t u a t o r s  a r e  used t o  o b t a i n  a p r o f i l e  
o f  p ressu res ,  t empera tu res ,  and, i f  d e s i r e d ,  flow 
ang le  across  a r e g i o n .  A p ressu re  probe or thermo- 
coup le  i s  mounted on a p robe a c t u a t o r ;  i f  f l o w  
ang le  i s  measured as w e l l ,  a yaw probe 1s mounted 
on the  probe a c t u a t o r  i n  a d d l t i o n  t o  t h e  p r e s s u r e  
probe or thermocoup le .  The probe a c t u a t o r  c o n t r o l -  
l e r  c o n t i n u o u s l y  r o t a t e s  t h e  yaw probe u n t l l  t h e  
p r e s s u r e  d i f f e r e n c e  ac ross  t h e  probe measures z e r o ,  
wh ich  occu rs  when t h e  probe i s  p o i n t i n g  d i r e c t l y  
i n t o  the  f low. The probe a c t u a t o r s  a r e  s tepped 
ac ross  a r e g i o n  a u t o m a t i c a l l y ,  u s i n g  p rede te rm ined  
s e t p o l n t s .  The d a t a  f o r  each p o i n t  i s  s t o r e d  i n  
t h e  d a t a  system. 

wheel i t s e l f  a r e  e q u a l l y  i m p o r t a n t .  A to rquemeter ,  
ment ioned b e f o r e ,  p r o v i d e s  t h e  d a t a  system w i  t h  
t o r q u e  and speed s i g n a l s .  The rotor t i p  c lea rance  
i s  m o n i t o r e d  u s i n g  touch  probes .  When t h e  rotor 
reaches  s u f f i c i e n t  speed, t h e  touch  probe c o n t r o l -  
l e r  r e c e i v e s  a p e r m i s s i v e .  Th is  p e r m i s s i v e ,  when 
combined w i t h  an o p e r a t o r - c o n t r o l l e d  pushbu t ton  
i n t e r l o c k ,  enab les  t h e  c o n t r o l l e r  t o  a u t o m a t l c a l l y  
advance t h e  probes  toward  t h e  b lades  o f  t h e  r o t a t -  
i n g  r o t o r .  When t h e  probes a r e  s u f f i c i e n t l y  c l o s e ,  
t h e  probes  send a low energy  a rc  ac ross  t h e  a i r  gap 
between t h e  probe t i p  and r o t o r  b l a d e .  When t h e  
probe c o n t r o l l e r s  sense t h e  a r c ,  t h e y  d i s p l a y  t h e  
gap i n  m i l s  and p r o v i d e  an ana log  s i g n a l  r e p r e s e n t -  
i n g  t h e  gap. 
p robe t o  t h e  datum p o s i t i o n ,  wh ich  1s even w i t h  t h e  
t u r b i n e  c a s i n g  w a l l .  The probes then c o n t i n u o u s l y  
advance, a r c ,  and r e t r a c t .  Th is  p rocess  con t inues  
u n t i l  i t  i s  e i t h e r  h a l t e d  manua l l y  ( o p e r a t o r  i n t e r -  
v e n t i o n ) ,  by  t h e  speed d ropp ing  below t h e  s e t p o l n t  
( loss o f  p e r m i s s i v e ) ,  o r  by an emergency shutdown. 

Pressures  measured by d i s c r e t e  t r a n s d u c e r s  
a r e  a l s o  used i n  the  d a t a  system. Among these 
p ressu res  a r e  t h e  re fe rence ,  check, and c o n t r o l  
p ressu res  for  t h e  p ressu re  scann ing  system. Also 
i n c l u d e d  i n  t h e  d i s c r e t e  p ressu re  t ransducer  l i s t  
a re  p ressu res  m o n i t o r i n g  o p e r a t i n g  c o n d f t i o n s  such 
as l u b r i c a t i n g  o i l  p ressu res ,  t h r u s t  ba lance p res -  
su res ,  wa te r  p r e s s u r e s ,  and a u x i l i a r y  a i r  system 
p r e s s u r e .  

Most f l o w s  a r e  measured u s i n g  t u r b i n e  flow- 
m e t e r s .  Among these a r e  l u b r i c a t i n g  o i l  and na tu -  
r a l  gas f l o w s .  The f a c i l i t y  i n l e t  a i r  f low, wh ich  
i s  a r e s e a r c h  parameter ,  i s  c a l c u l a t e d  from pres -  
sures  ac ross  a c a l i b r a t e d  v e n t u r i .  

Parameters d e a l i n g  w i t h  the  r o t a t i n g  t u r b i n e  

The c o n t r o l l e r s  then  r e t r a c t  t h e  

P ressu re  System 

The e l e c t r o n i c a l l y  scanned p r e s s u r e  system i s  
used f o r  measur ing  l a r g e  numbers of r e s e a r c h  p res -  
s u r e s .  C u r r e n t l y ,  t h e  system c o n t a i n s  s i x  sensor 
modules o f  32 channe ls  each, f o r  a t o t a l  of 192 
channe ls .  T h i s  number can be i nc reased  t o  a 
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maximum o f  1024 channe ls  by  add lng  a d d i t i o n a l  pres- 
sure  modules. Each channel  i n  each module has l t s  
own d i f f e r e n t i a l  p r e s s u r e  t r a n s d u c e r .  C u r r e n t l y ,  
a l l  t r ansducers  i n  t h e  p ressu re  system a r e  t 3  atm 
(245 p s i )  d i f f e r e n t i a l .  The sensor modules are 
c o n t r o l  l e d  by t h e  p r e s s u r e  system d a t a  a c q u i s i t i o n  
and c o n t r o l  u n i t  (DACU). The DACU a l s o  c o n t r o l s  
t h e  p ressu re  c a l  i b r a t e  u n l  t , wh lch  a1 lows on-1 i ne  
c a l i b r a t i o n  o f  the  modules.  
p ressu re  system i s  shown l n  F l g .  8,  and a b lock  
d iagram o f  the  DACU 1s shown I n  F l g .  9. 

The p ressu re  scann ing  system i s  a b l e  t o  c a l i -  
b r a t e  i t s e l f  a u t o m a t i c a l l y  d u r i n g  a t e s t  r u n .  The 
t l m e  i n t e r v a l  between c a l i b r a t l o n s  1s user -  
s p e c i f i e d ,  t y p i c a l l y  20 mln. A f t e r  t h e  t l m e  p e r l o d  
(wh ich  i s  d i s p l a y e d  on  t h e  f a c l l l t y  CRTs) exp i res ,  
t h e  p r e s s u r e  c a l i b r a t e  u n i t  uses known pressures  
t o  r e c a l  i b r a t e  i t s e l f ,  t hus  enab l  i n g  t h e  pressure  
scann ing  system to  a lways  m a i n t a l n  a system accu- 
r a c y  of 0.1 p e r c e n t .  

The sensor module t ransducers  a r e  c a l  i b r a t e d  
by a p p l y i n g  known p ressu res  o f  0.68, 2.04, and 
3.4 atm (10, 30, and 50 p s l a )  t o  t h e  t ransducers  
and c a l c u l a t i n g  t h e  necessary  c o e f f l c l e n t s  for each 
i n d i v i d u a l  t r a n s d u c e r .  The c a l l b r a t l o n  pressures  
a r e  measured by p r e c i s i o n  q u a r t z  t ransducers .  A 
p ressu re  o f  1.02 a tm (15  p s i a ) ,  a p p l l e d  to  the  r e f -  
e rence s i d e  o f  t h e  sensor module t ransducers ,  
a l l o w s  t h e  p r e s s u r e  system t o  measure a range from 
0.15 t o  4 atm (2.20 t o  58.8 p s l a ) .  The DACU gener- 
a t e s  a l i n e a r  cu rve  f i t  for t h i s  range u s i n g  the 
e l e c t r i c a l  s i g n a l s  o b t a l n e d  from t h e  c a l i b r a t l o n .  
The DACU matches t h e  measured p ressu res  ( t h a t  i s ,  
t h e  e l e c t r l c a l  s i g n a l s  genera ted  by  each pressure  
t r a n s d u c e r  I n  t h e  sensor  modules) t o  t h e  pressure  
c u r v e  genera ted  d u r i n g  c a l i b r a t i o n .  
( 4 0  p s i a )  p ressu re  i s  used as a known check pres- 
su re  t o  v e r i f y  p roper  system o p e r a t i o n .  

The e l e c t r i c a l  s l g n a l s  of t h e  p r e s s u r e  system 
a r e  m u l t i p l e x e d  i n t o  a desk top  computer,  which pe r -  
fo rms t h e  numer i ca l  a n a l y s i s  and packag lng  of t he  
d a t a  be fo re  send ing  i t  to  t h e  f a c l l l t y  h o s t  com- 
p u t e r .  The desk top  computer a l s o  a c t s  as a master 
t o  t h e  p r e s s u r e  system. E l e c t r i c a l  mu1 t l p l e x i n g  
of the  p r e s s u r e  s l g n a l s  enab les  t h e  system t o  
a c q u i r e  t h e  p ressu re  d a t a  much f a s t e r  t han  If pneu- 
m a t i c  m u l t i p l e x l n g  i s  used. 

A b l o c k  d lagram of t h e  

A 2.72 atm 

F a c l l i t y  Data  A C Q U l S l t l O n  

i n  F l g .  10. Ana log  i n p u t s  to  t h e  system range from 
5 mV to  10.24 V f u l l  sca le .  The s l g n a l s  a r e  m u l t l -  
p l e x e d  and then a m p l l f l e d  t o  t h e  10.24 V l e v e l .  
The m u l t i p l e x e d ,  a m p l i f i e d  s l g n a l s  a r e  t h e n  Inpu t  
t o  an a n a l o g - t o - d i g l t a l  c o n v e r t e r  (ADO.  A d l g l -  
t i z e r  i s  used for t h e  m u l t l p l e x i n g ,  a m p l l f y l n g ,  
and ADC of t h e  ana log  s l g n a l s .  The ADC i s  13 b l t  
p l u s  s i g n ,  g l v i n g  a f u l l  s c a l e  b i n a r y  v a l u e  of 
-8191 to  +8191. The d a t a  from t h e  ADC 1 s  then 
passed to  an i n p u t / o u t p u t  i n t e r f a c e  u n l  t, which 
uses t h e  IEEE-488 bus t o  t r a n s f e r  t h e  d i g !  t l z e d  
d a t a  t o  t h e  h o s t  computer.  The i n t e r f a c e  U n i t  
a1 so has t h e  f e a t u r e s  o f  f r e q u e n c y - t o - d i g i  t a l  con- 
v e r s i o n ,  r e l a y  o u t p u t s ,  d l g i  t a l - t o - a n a l o g  conver- 
s i o n ,  an i n p u t  i s o l a t e d  l a t c h ,  and a TTL i n p u t  
l a t c h .  The s i g n a l s  genera ted  from these i n p u t /  
o u t p u t  modules a r e  m u l t i p l e x e d  t o  t h e  I n t e r f a c e  
u n i t  bus .  

A b l o c k  d iagram o f  t h e  d a t a  system is shown 

The f a c l l l t y  h o s t  computer c o n v e r t s  t h e  d a t a  
f r o m  the  i n t e r f a c e  u n i t ,  wh ich  is i n  m i l l i v o l t s ,  
t o  e n g l n e e r i n g  u n i t s .  Severa l  s tandard  c o n v e r s l o n  
r u l e s  a r e  a v a i l a b l e ,  as w e l l  as u s e r - d e f i n e d  c u r v e  
f i t s .  I n  a d d i t i o n  t o  t h e  c o n v e r s l o n  r u l e s  from 
m i l l i v o l t s  to e n g i n e e r i n g  u n i t s ,  each parameter  
may be pos t - conver ted .  Pos t  c o n v e r s l o n  a l l o w s  t h e  
o p e r a t o r  t o  obse rve  and r e c o r d  t h e  d a t a  I n  any 
d e s l r e d  form. 

The d a t a  1s d i s p l a y e d  i n  r e a l - t i m e  by  u s i n g  
CRTs w l t h  a numer i ca l  e n t r y  pane l  as an o p e r a t o r  
i n t e r f a c e .  I m p o r t a n t  parameters  a r e  d l s p l a y e d  on  
I n d i v i d u a l  d l g i t a l  d i s p l a y s  ( I D D s ) ,  wh lch  enab les  
t h e  o p e r a t o r s  t o  moni tor these parameters  more eas- 
i l y .  CRT and IDD update  t i m e  is once p e r  second. 
R e l a t e d  da ta ,  b o t h  measured and c a l c u l a t e d ,  i s  p u t  
i n t o  a page f o r m a t  and t h e  pages a r e  t h e n  s e l e c t e d  
for v i e w i n g  on  t h e  CRTs by  t h e  o p e r a t o r s .  A p r i n t -  
o u t  of any CRT sc reen may be genera ted  a t  any t ime .  
Rea l - t lme d a t a  d i s p l a y  enab les  prob lems to  be lden-  
t l f i e d  w h i l e  the  r u n  i s  s t l l l  I n  p r o g r e s s ,  wh ich  
a l l o w s  t h e  o p e r a t o r s  t o  be aware o f  and c o r r e c t  
problems before  t h e  d a t a  i s  reco rded .  T h i s  a b l l -  
l t y  i n  t h e  d a t a  system saves b o t h  t l m e  and energy .  
The r e a l - t i m e  monl t o t i n g  o f  o p e r a t l n g  c o n d i t i o n s  
1 s  d e s i r a b l e  w l th  r o t a t l n g  equlpment because i t  
p r o v i d e s  a warn ing  of lmpending damage p r i o r  t o  
t h e  damage o c c u r r i n g .  Thus, t h e  o p e r a t o r  can t a k e  
c o r r e c t i v e  a c t l o n  t o  p r e v e n t  many prob lems.  

On- l i ne  c a l c u l a t i o n s  a r e  pe r fo rmed  on  t h e  
measured parameters ,  and a r e  a v a l  l a b l e  for  d i s p l a y  
a l o n g  w l t h  t h e  measured parameters .  Examples of 
c a l c u l a t e d  parameters  i n c l u d e  p r e s s u r e  r a t l o  ac ross  
t h e  t u r b i n e ,  a i r  f low, l u b r l c a t l o n  o i l  f low, and 
average p ressu res  ac ross  a r e g i o n .  On- l i ne  c a l c u -  
l a t i o n s  a r e  d e s i r a b l e  because t h i s  d a t a  i s  va lua -  
b l e  f o r  s p e c i f y l n g  and m a i n t a i n i n g  t e s t  c o n d l t l o n s  
and p r o v i d e s  o n - l i n e  f a c l l l t y  o p e r a t i n g  parameters .  

t h e  d a t a  system a l l o w s  t h e  o p e r a t o r  to  a t t a c h  a 
so f tware  t a g  t o  t h a t  channel  (code o u t ) .  Codlng 
o u t  a channel  p reven ts  t h a t  channe l  from b e l n g  
used i n  any c a l c u l a t l o n s  l n v o l v l n g  i t .  An example 
o f  an i n v a l l d  channel  would be a d e f e c t i v e  sensor .  
Coded o u t  channe ls  a r e  s t i l l  updated  and can be 
coded I n  a t  any t l m e .  Va r ious  l e v e l s  of codeouts  
a r e  a v a i l a b l e  and a l l o w  for d i f f e r e n t  methods of 
managing t h e  c a l c u l a t l o n s  l n v o l v l n g  any coded o u t  
channe l .  The d i f f e r e n t  ways o f  h a n d l l n g  codeouts  
enab le  t h e  d a t a  system to  m a i n t a i n  mean lng fu l  c a l -  
c u l a t l o n s .  A channel  may a l s o  be s u b s t l t u t e d  for  
ano the r  channel  or be fo rced  t o  a c e r t a i n  v a l u e ,  
and t h e  s u b s t l t u t e d  f o r  f o r c e d  v a l u e  w i l l  be used 
i n  t h e  c a l c u l a t i o n s  i n v o l v l n g  t h a t  channe l .  

checked for l l m i t  v i o l a t i o n s .  I f  a parameter  is 
o u t s l d e  of  t h e  a l l o w a b l e  range ass lgned  t o  i t ,  t h e  
channel  1 s  d i s p l a y e d  i n  r e v e r s e  v l d e o  on  t h e  CRTs. 
I n  a d d i t l o n  t o  d l s p l a y i n g  t h e  channe l  l n  r e v e r s e  
v i d e o ,  a CRT page may be c r e a t e d  wh lch  d l s p l a y s  
a l l  channe ls  i n  l i m i t  v i o l a t i o n s .  A CRT screen o f  
t h i s  t ype  o f  page i s  shown I n  F i g .  1 1 .  I f  d e s i r e d ,  
a la rms and shutdowns may be t r l g g e r e d  from l l m i t  
v i o l a t i o n s .  C u r r e n t l y ,  a1 1 shutdown s l  t u a t l o n s  
a r e  t r l g g e r e d  from hardw l red  systems e x t e r n a l  t o  
the  d a t a  system. Thus, I f  t h e  d a t a  system f a i l s ,  
t h e  f a c l l l t y  1s s t i l l  p r o t e c t e d  a g a l n s t  p o t e n t l a l l y  
dangerous s i t u a t i o n s .  

If, for some reason,  a channe l  is n o t  v a l i d ,  

P re -se lec ted  channe ls  and c a l c u l a t l o n s  a r e  
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The da ta  system crea tes  a h i s t o r y  f i l e ,  wh ich  
c o n t a i n s  a b l o c k  o f  a l l  parameters i n  t h e  d a t a  sys- 
tem ove r  a s p e c i f i e d  t ime .  The h i s t o r y  f i l e  i s  
c o n t i n u o u s l y  updated  d u r i n g  t h e  r u n .  A s i g n l f l -  
c a n t  e v e n t  such as h i g h  t u r b l n e  v i b r a t i o n s  w i l l  
p r e v e n t  u p d a t i n g ,  or " f reeze , "  t he  h i s t o r y  f i l e .  
Tt-e s i g n i f i c a n t  event  i s  u s e r - s p e c i f i e d .  F r e e z i n g  
the  h i s t o r y  f i l e  c r e a t e s  a permanent r e c o r d  o f  t h e  
parameters  b e f o r e  and /o r  a f t e r  t he  s i  g n l  f 1 c a n t  
e v e n t .  The l e n g t h  o f  t l m e  b e f o r e  and a f t e r  t h e  
s i g n i f i c a n t  event  i s  u s e r - s p e c i f i e d .  Up t o  t h r e e  
h i s t o r y  f i l e s  may be c rea ted .  
o c c u r ,  t he  h i s t o r y  f i l e  may be examined and t h e  
events  l e a d i n g  up t o  t h e  f a i l u r e  can be i d e n t i f i e d .  

A s i m u l a t i o n  f i l e  may a l s o  be c r e a t e d  by t h e  
u s e r .  Th i s  f i l e  c o n t a i n s  use r -de f i ned  va lues  f o r  
t h e  d a t a  system parameters,  and Ls u s u a l l y  c r e a t e d  
o f f - l i n e .  The d a t a  system i s  capab le  o f  comparing 
o n - l i n e  parameters  t o  the  parameters i n  t h e  s imu la -  
t i o n  f i l e .  A l l  measur ing  dev l ces ,  as w e l l  as ope r -  
a t i n g  c o n d i t i o n s ,  may be checked e i t h e r  b e f o r e  or 
a f t e r  t he  r u n  by t h i s  comparison. The s i m u l a t i o n  
f i l e  i s  a l s o  u s e f u l  fo r  t r a i n i n g  o p e r a t o r s  and ve r -  
i f y  i ng s o f  twar'e mod 1 f i c a t  lons . 

F r e q u e n t l y  used commands i n  t h e  d a t a  system 
a r e  i n c o r p o r a t e d  i n  a pushbut ton  e n t r y  pane l .  
Th i s  panel  communicates t o  t h e  d a t a  system v i a  t h e  
RS-232C i n t e r f a c e .  Among the  commands a v a i l a b l e  
on t h e  panel  a r e :  store the c u r r e n t  d a t a ,  s t e p  
t h e  a c t u a t o r s  th rough  t h e i r  c y c l e  and s t o r e  t h e  
d a t a ,  c a l i b r a t e  or preven t  c a l i b r a t i o n  o f  t h e  e l e c -  
t r o n i c a l l y  scanned pressure  system, f r e e z e  t h e  h i s -  
tory f i l e ( s ) ,  and o t h e r s .  The f u n c t i o n  o f  each 
b u t t o n  i s  u s e r - d e f i n a b l e ,  and can be changed a t  
any t i m e .  
d a t a  system and g i v e s  manual c o n t r o l  o f  some of 
t h e  d a t a  sys tem's  no rma l l y  au tomat i c  f u n c t i o n s .  

Also i n c l u d e d  i n  t h e  d a t a  system a r e  a 71 
megabyte h a r d  d i s k  d r i v e ,  an 800 k i l o b y t e  dua l  
f l o p p y  d i s k  d r i v e ,  and a 95 megabyte s t reaming  
tape  d r i v e .  These dev lces  a l l  communicate w i t h  
t h e  f a c i l i t y  computer over  t h e  IEEE-488 bus, and 
a r e  used t o  s t o r e  a l l  da ta  read lngs  taken  by  t h e  
d a t a  system. 
l o c a l l y  i n  t h e  f a c i l i t y ,  the read lngs  a r e  sen t  
( v i a  the  RS-232C i n t e r f a c e )  to  a c e n t r a l  computer 
f o r  s to rage  and pos t -p rocess ing .  The d a t a  system 
can be e a s i l y  r e c o n f i g u r e d  t o  comply w i t h  secure  
t e s t i n g  g u i d e l i n e s .  

I f  a f a i l u r e  does 

The pane l  a l l ows  easy o p e r a t i o n  of t h e  

I n  a d d i t i o n  t o  s t o r i n g  t h e  d a t a  

F a c i l i t y  S a f e t y  I n s t r u m e n t a t i o n  

The o p e r a t i n g  c o n d i t i o n s  o f  t h e  f a c i l i t y  a r e  
mon i to red  by systems o t h e r  than  t h e  d a t a  a c q u i s i -  
t i o n  system. Meter  r e l a y s  d l s p l a y  b e a r i n g  tem- 
p e r a t u r e s  o f  the  research  t u r b i n e ,  t o rquemete r ,  
gearbox ,  and dynamometer. E l e c t r i c  h e a t e r  e x i t  
tempera ture ,  combustor e x i t  t empera tu re ,  and t u r -  
b i n e  i n l e t  and exhaust  temperatures a r e  a l s o  moni- 
t o r e d  by meter r e l a y s .  
f a c i l i t y  have two s e t p o i n t s :  t h e  f i r s t  i s  used t o  
t r i p  a warn ing  annunc ia to r  shou ld  t h e  tempera ture  
mon i to red  by a p a r t i c u l a r  r e l a y  r i s e  above a 
" c a u t i o n "  p o i n t ;  t h e  second i s  used for  an emer- 
gency shutdown shou ld  a temperature r i s e  above t h e  
sa fe  tempera ture  f o r  t h a t  p a r t i c u l a r  parameter .  

p robes .  Two probes  i n  the same p lane  a r e  l o c a t e d  
90° a p a r t ,  wh ich  g i v e s  the i ns tan taneous  movement 

A l l  meter  r e l a y s  i n  t h e  

S h a f t  d i sp lacemen t  i s  measured by p r o x i m i t y  

i n  b o t h  the  X- and the  Y - d i r e c t i o n s .  These s i g -  
n a l s  a r e  i n p u t  t o  o s c l l l o s c o p e s .  wh ich  a l l o w s  an 
accu ra te  r e p r e s e n t a t i o n  o f  t h e  o r b l t s  o f  t h e  s h a f t s  
to  be observed.  The s h a f t  d l sp lacemen ts  cannot  
d i r e c t l y  t r i g g e r  an emergency shutdown; l f  the  
o r b l t s  become t o o  l a r g e ,  t h e  v i b r a t i o n s  w i l l  be 
t r a n s m i t t e d  t o  the  b e a r i n g s .  

Bear ing  v i b r a t l o n s  a r e  m o n i t o r e d  u s l n g  acce l -  
e romete rs .  The v i b r a t i o n  l e v e l s  i n i t i a t e  an annun- 
c i a t o r  I f  o p e r a t o r  a c t l o n  i s  r e q u i r e d  t o  c o r r e c t  a 
p o t e n t i a l l y  hazardous s i t u a t i o n ,  and i n i t i a t e  an 
emergency shutdown i f  t h e  v i b r a t i o n  l e v e l s  become 
dangerous ly  l a r g e .  A permanent r e c o r d  of t h e  
v i b r a t i o n  p a t t e r n s  a r e  saved on tape u s l n g  an ana- 
l o g  tape r e c o r d e r .  The r o t o r  speed and the  t ime  
code ( a  s i g n a l  c o n t a i n i n g  t lme-o f - yea r  I n f o r m a t i o n )  
a r e  reco rded  a l o n g  w i t h  t h e  v i b r a t i o n  p a t t e r n s .  If 
a prob lem o c c u r s ,  t h e  tape  w l l l  p r o v i d e  a reco rded  
h i s t o r y  o f  the  amp l i t ude  and f requency  of t h e  
v i b r a t l o n  channe ls  f o r  p o s t - f a l l u r e  a n a l y s i s .  

Shutdowns a v a i l a b l e  on t h e  to rquemeter  a r e  
o v e r t o r q u e ,  overspeed,  excess i ve  r a t e  o f  change of 
to rque ,  and excess l ve  r a t e  o f  change o f  speed. 
Overspeed shutdown i s  c u r r e n t l y  o b t a i n e d  from a 
speed r e l a y  i n s t e a d  o f  t h e  to rquemete r .  The dyna- 
mometer shutdown s t r i n g  i s  separa te  from t h e  f a c i l -  
i t y  shutdown s t r i n g .  Each s t r i n g  i s  i n t e r c o n n e c t e d  
t o  t h e  o t h e r ,  however,  so t h a t  I n  t h e  even t  o f  a 
dynamometer shutdown, t h e  f a c i l i t y  w i l l  shu t  down, 
and i f  t h e  f a c i l i t y  shu ts  down, t h e  dynamometer 
w i l l  shu t  down. The f a c i l i t y  i s  des lgned i n  t h l s  
way t o  p r o t e c t  a g a i n s t  a s h a f t  or c o u p l i n g  break  
and t u r b i n e  overspeed.  
s a f e t y  concerns w i t h  r o t a t i n g  mach inery ,  and i n  
e i t h e r  case, t h e  e n t i r e  f a c l l l t y  must be shu t  down 
i n  an o r d e r l y  b u t  e x p e d i t i o u s  manner. 

When s t a r t i n g ,  n e i t h e r  t h e  f a c i l i t y  i n t e r l o c k  
i n  t h e  dynamometer shutdown s t r i n g  n o r  t h e  dynamom- 
e t e r  i n t e r l o c k  i n  t h e  f a c i l i t y  shutdown s t r i n g  i s  
c l o s e d ,  t hus  t h e  whole system 1s I n  a shutdown 
s t a t e .  To be a b l e  t o  s t a r t ,  one o f  t h e  i n t e r l o c k s  
must be o v e r r i d d e n .  A speed m o n i t o r  i s  used to  
o v e r r i d e  t h e  dynamometer i n t e r l o c k  be low 1000 rpm, 
wh ich  enab les  t h e  rotor t o  s t a r t  r o t a t i o n .  The 
f a c i l i t y  i s  a l s o  p r o t e c t e d  a g a l n s t  l o s s  of  speed 
s i g n a l  t o  the  overspeed r e l a y  and t h e  speed 
m o n i t o r .  

Most o f  t h e  f a c l l l t y  r e l a y  l o g i c  o u t s i d e  of 
t h e  to rquemeter  and speed r e l a y s  i s  i n c o r p o r a t e d  
i n  a programmable c o n t r o l l e r .  
f l e x i b i l l t y  i n  t h e  l o g i c  and saves space t h a t  
would o t h e r w i s e  be used by  r e l a y s .  A l l  f a c i l i t y  
shutdowns (excep t  overspeed and t o r q u e - r e l a t e d  
shutdowns, manual emergency shutdown, and dyno- 
m e t e r - i n \  t i a t e d  shutdowns) a r e  d e r i v e d  from t h e  
programmable c o n t r o l l e r .  The programmable c o n t r o l -  
l e r  a l s o  d r i v e s  warn ing  a n n u n c i a t o r s ,  wh ich  a r e  
caused by f a u l t s  i n  t h e  l u b r l c a t i n g  o i l  systems, 
unsafe  combust ion  a i r  cond i  t l o n s ,  and mechanical  
problems i n  t h e  r e s e a r c h  t u r b i n e .  Any unsafe oper -  
a t i n g  c o n d i t i o n  causes a warn ing  a n n u n c i a t o r  f i r s t .  
so t h a t  t h e  o p e r a t o r  has a chance to  c o r r e c t  t h e  
s i t u a t i o n  be fore  g o i n g  i n t o  an emergency shutdown. 
The f a c i l i t y  has t h e  c a p a b i l i t y  fo r  96 t o t a l  annun- 
c i a t o r  channe ls .  

An emergency shutdown leads  t o  s e v e r a l  events  
o c c u r r l n g  s lmu l  t a n e o u s l y .  The dynamometer 
i nc reases  I t s  f i e l d  c u r r e n t  t o  b r i n g  t h e  s h a f t  t o  

These a r e  two p r i m a r y  

T h i s  a l l o w s  g r e a t e r  

I 

I 
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a s t o p .  The i n l e t  a i r  v a l v e  c l o s e s  ( f u l l  s t r o k e  
100 m s ) ,  w h i l e  t h e  e x h a u s t  v a l v e  i s  s e n t  t o  t h e  
f u l l  open  p o s i t i o n ,  so t h a t  a n y  p r e s s u r e  r e m a i n i n g  
i n  t h e  t u r b i n e  c a v i t y  i s  v e n t e d .  A f t e r  a s p e c i -  
f i e d  t i m e ,  t h e  dynamometer  f i e l d  c u r r e n t  d r o p s  t o  
z e r o  t o  p r e v e n t  o v e r h e a t i n g  of t h e  dynamometer  
f i e l d  c o i l s .  The dynamometer  m u s t  be r e s e t  b e f o r e  
a r e s t a r t  i s  a t t e m p t e d .  Of c o u r s e ,  t h e  p r o b l e m  
t h a t  l e d  t o  t h e  emergency  s h u t d o w n  m u s t  be i d e n t i -  
f i e d  and r e m e d i e d .  The e l e c t r i c  h e a t e r  and n a t u r a l  
gas c o m b u s t o r  a r e  a l s o  s h u t  off i f  a n  emergency 

Summary 

The t u r b i n e  f a c i l i t y  o f  t h e  SECTF has  been  
o p e r a t i o n a l  s i n c e  June  1987 ,  and  t h e  c o m p r e s s o r  
f a c i l i t y  has been  o p e r a t i o n a l  s i n c e  A u g u s t  1987 .  
Thus f a r ,  r e s e a r c h  d a t a  has  been  c o n s i d e r e d  
e x c e l l e n t .  The r e s e a r c h  d a t a  a c q u i s i t i o n  s y s t e m  
u s e d  i n  t h e  t u r b i n e  f a c i l i t y  has now b e e n  i n s t a l l e d  
i n  s e v e n  o t h e r  f a c i l i t i e s .  O p e r a t i o n  of t h e  SECTF 
has  been  e x c e l l e n t  as  w e l l ,  m o s t l y  due t o  t h e  
f a c i l i t y ' ;  o v e r a l l  d e s i g n .  

FIGURE 1. - TURBINE FACILITY CONTROL ROOM, 

5 



FIGURE 2, - F A C I  L I T Y  OPERATOR ' S I NSTRUMENTAT I ON AND CONTROLS. 
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FIGURE 3. - DATA ACQUISITION SYSTEM OPERATOR'S INSTRUMENTATION AND 
CONTROLS. 
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FIGURE 4. - FACILITY TEST RIG. 
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FIGURE 5. - AIR SYSTEM SCHEMATIC. 
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F I GURE 6 ,  - TORQUEMETER TRANSDUCER, 
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FIGURE 7. - TORQUEMETER, GEARBOX, AND DYNAMOMETER. 
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FIGURE 11. - CRT SCREEN WITH CHANNELS I N  LIMIT VIOLATIONS. 
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